the most logical and curative treatment of HFS.
INTRODUCTION
Hemifacial spasm (HFS) is a hyperactive cranial nerve dysfunction syndrome characterized by unilateral involuntary contractions of muscles innervated by the affected facial nerve. Causes of HFS include blood vessel, tumor, and bony abnormality 15) . Since Campbell and Keedy 2) first described vascular arterial compression of the facial nerve among patients with HFS. The cause of this condition is thought to be mainly neurovascular compression of the facial nerve at its root exit zone (REZ) from the brainstem 13) . Therefore, microsurgical neurovascular decompression (MVD) is now widely performed as
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Patient population
A total of 2,064 MVDs for HFS were performed at our institution between September 1978 and September 2008. In six patients, HFS was not resulting from a blood vessel, and these patients were excluded from the current study. Among the remaining 2058 cases with vascular compression, 2047 cases (99.5%) had non-VBD HFS, and 11 cases (0.5%) had HFS caused by VBD. One patient with HFS caused by VBD had bilateral HFS and underwent 2-stage MVD. The clinical outcomes and image findings of TOF MRI and MRA of these 11 cases were analyzed.
TOF MRI and MRA evaluation
We retrospectively evaluated the available preoperative images from TOF MRI and MRA, which were performed with a 1.5-Tesla imaging system (Signa; GE Medical Systems, Milwaukee, WI, USA). Enlargement of the vertebrobasilar artery was measured on MRA by Picture Archiving Communication System (PACS; GE Medical Systems, Milwaukee, WI, USA) and diagnosed if the diameter of the basilar artery was greater than 4.5 mm. Elongation was evaluated on TOF MRI and diagnosed in the case of position 2 or 3 or height 2 or 3 ( Table 1 , 2).
Surgical procedures
In all patients, exposure and dissection were performed using standard surgical techniques for microvascular decompression procedures with the lateral decubitus position through a lateral retrosigmoid suboccipital craniectomy 14, 19) . In patients with VBD, a wider retrosigmoid suboccipital craniectomy was done to reach at the sigmoid sinus. Dissection of the arachnoid membranes was carefully continued from the lower cranial nerves up to the petrosal vein to enhance the exposure and mobilization of the cerebellum. Release of the VBD artery (VA or BA) was meticulously obtained not only near the REZ but also from the proximal portion to the distal for as great a distance as possible. In this way, the VBD artery was made to move easily, to allow complete decompression of the nerve, and stretching of the seventh and eighth cranial nerves was lessened during the insertion of Teflon felt
MATERIALS AND METHODS

Definitions
VBD refers to enlargement and elongation of the vertebrobasilar artery. To diagnose VBD, we need criteria that specifically define enlargement and elongation of the vertebrobasilar artery. Smoker et al. 28, 29) reviewed normal high-resolution computed tomographic (CT) scans of 123 patients and defined the diameter, the height of the bifurcation, and the transverse position of the normal basilar artery. According to Smoker's criteria, we use the term elongation if the basilar artery, at any point throughout its course, lies in a lateral position to the margin of the clivus or dorsum sellae (Position 2, 3) ( Table 1) or if the artery bifurcation lies above the plane of the suprasellar cistern (Height 2, 3) ( Table 2 ). Enlargement is diagnosed if the diameter of the basilar artery is greater than 4.5 mm. Giang et al. 9) reported that MRI diagnosed VBD as well as CT, and it was proved to be superior to CT in delineating the anatomical relationship of the vessels to the neural structures. Therefore, although Smoker et al. defined the normal basilar artery based on data from CT imaging, we measured elongation and en- 
RESULTS
The clinical characteristics of 2,058 cases of HFS treated by MVD are summarized in Table 3 . The diameter, height, and transverse position of the basilar arteries of the VBD cases are presented in Table 4 . The mean diameter of the basilar arteries was 5.05 mm (range, 4.61-5.93 mm). Offending vessels identified visually during surgery were 4 AICA, 1 PICA, 1 VA, and 5 multiple artery. A patient with right offending VA (case no 4) ( Fig. 1 ) had left-sided facial spasm. In all cases except one, the VA or basilar artery (BA, case no 2) ( Fig. 2 ) affected neurovascular compression of the facial nerve directly or over the offending vessel. One case (case no 3) (Fig. 3 ) had only the AICA as the offending vessel, not related with VA or BA compression. This patient had bilateral HFS that required 2-stage MVD. Levels of successful outcomes were 93.1% in non-VBD and 90.9% in VBD, a difference which was not statistically significant (p=0.779) ( Table 5 ). Postoperative complications related to facial nerve and cochlear nerve in non-VBD were noted in 24.7% (permanent in 2.4%) these complications included facial palsy in 18.5% (permanent in 0.9%) and hearing impairment in 6.1% (permanent in 1.5%). However, the postoperative complication and balls to reposition the offending vessels. After the vessel was freed, Teflon felt and balls were inserted in a step-bystep manner without retraction of the vessel. The first Teflon was placed between the vessel and the nerve beside the compression site and was then gently pushed along the nerve toward the compression site. As second Teflon was placed where the first was originally positioned, and this was repeated, until complete vascular decompression was achieved.
Clinical assessment and follow-up review
The clinical data and intra-operative findings of the selected patients were reviewed retrospectively. After MVD, the patients were classified into the following five grades, on the basis of the degree of HFS present : 1) "excellent" if no HFS was present; 2) "good" if the HFS was more than 90% resolved; 3) "fair" if the HFS was more than 50% resolved; 4) "poor" if the HFS was less than 50% resolved; and 5) "failure" for all remaining results. Outcomes of "excellent" and "good" were considered successful outcomes. Clinical outcomes were evaluated immediately after the surgery and at outpatient visits during the subsequent follow-up period.
Statistical analysis
Comparisons between two groups (non-VBD vs. VBD) were tested for statistical significance with the Fisher exact test. The complication occurrences of VBD were assessed using the MannWhitney test. Probability values were 2-tailed, and values of p<0.05 were considered significant. Case no 3 (Table 4 ) was excluded from statistical analysis, because it did not involve a dolichoectatic artery. All data analyses were performed with PASW statistics version 18.0 (SPSS Inc., Somers, NY, USA). There were 5 cases of complications in the group of patients with VBD. Table 6 shows the results of the analysis of complication occurrence in VBD. There was no statistically significant difference in age and sex ratio between the complication and no complication groups. Diameter of the VBD was significantly greater in the complication group than in the group with no complications (p=0.028). However, there were no statistically significant differences in height and position of the VBD between the complication and no complication groups.
DISCUSSION
VBD is a rare arteriopathy characterized by elongation and enlargement of the vertebrobasilar artery with subsequent thrombosis, micro-embolization, and brainstem compression, with or without aneurysm formation 6, 11, 12, 16, 18, 21, 31, 34, 35) . This arteriopathy is known to cause variable neurologic deficits, including combined brainstem and cranial nerve syndromes 3, 6, 7, 12, 24, 31) , cervicomedullary junction compression 12, 16, 18, 20, 31, 33) transient or permanent motor deficits 12, 16, 20, 21, 23, 35) , cerebellar dysfunction 16) , central sleep apnea 22) , hydrocephalus, ischemic stroke 33, 35) , and subarachnoid hemorrhage 5, 8, 26) . VBD is a potentially serious only near the REZ, it is difficult and dangerous to retract the dolichoectatic artery to directly insert Teflon felt and balls into the compression site because of the artery's character of enlargement and the ischemic attack risk. Successful neurovascular decompression could be performed without retraction of dolichoectatic artery with sufficient release of the artery and a step-by-step manner of insertion of the Teflon. It is thus a mandatory step in neurovascular decompression to release the dolichoectatic artery from surrounding structures enough to allow its easy movement, as in the procedure described here. Nevertheless, one patient in our study (case no 1) developed transient facial weakness and hearing impairment, two patients (case no 2, 6) developed transient facial weakness, and one (case no 4) developed permanent facial weakness. Although the difference was not statistically significant (p=0.154), the postoperative complication rate (45.5%) in VBD was higher than that in non-VBD (24.7%). Excessive retraction of the cerebellar flocculus to obtain surgical visibility during release of the dolichoectatic artery from its surrounding structure might play a role in increasing the complication rate. We analyzed the occurrence of complications in VBD (Table 6 ). Our findings suggest that the degree of height and position of the VBD may not contribute to the occurrence of complications. Only increase of diameter of the VBD was significantly associated with the occurrence of complications (p=0.028) in our study. This result shows that the enlargement character of the VBD may be meaningful in development of complications. In fact, increase of a dolichoectatic artery's diameter results in much more increase of volume of that artery. Therefore, much greater retraction of the cerebellum may be needed to obtain sufficient release of the artery. A wider craniectomy and dissection of the arachnoid membranes from the lower cranial nerves up to the petrosal vein to enhance the exposure and mobilization of the cerebellum, the procedures followed here, are helpful for lessening retraction of cerebellum during release of the dolichoectatic artery, but not enough to prevent complications. Recently, some authors have used an endoscope to assist in the decompression procedure of trigeminal neuralgia or HFS caused by an elongated, tortuous condition that may cause severe disability due to ischemic or compressive dysfunction in the posterior fossa 27, 32) . VBD itself may cause hemodynamic changes leading to thrombosis and microembolization 32) . Furthermore, manipulation of the dolichoectatic artery during surgical procedures may also result in these hemodynamic changes. Therefore, an effort should be made to minimize the manipulation of the dolichoectatic artery in order to prevent ischemic dysfunction in the posterior fossa. In the procedure described here, the VBD artery was released from the proximal portion to the distal as far along its length as possible before decompression of the seventh nerve, and Teflon felt and balls were inserted in stepwise manner without retraction of the vessel. In our study, 10 patients had hemifacial spasm caused by VBD without any other neurologic deficits preoperatively, and fortunately, no ischemic dysfunction occurred following microsurgical neurovascular decompression.
Hemifacial spasm caused by VBD has been reported previously 1, 3, 10, 25, 27, 30) . In these cases, vascular compression of the facial nerve at the root entry zone was considered the cause of HFS. There are also reported cases of HFS related with a dolichoectatic artery. Chakravarty 4) reported HFS resulting from pontine compression by a large fusiform dolichoectatic basilar artery without any compression of the facial nerve at the REZ. In all our cases, we identified an offending artery compressing the facial nerve at the REZ. There was direct compression of the facial nerve by the VA in six cases, including right VA compression of the left facial nerve (Fig. 1) , compression by the VA or BA (Fig. 2) over the offending vessel in four cases, and compression by the AICA alone, with no relation to a dolichoectatic artery (Fig. 3) , in one case. One patient (case no 1 and 3) (Fig. 3) who had only the AICA offending vessel on the right side, underwent microsurgical neurovascular decompression for HFS in left side first. The left side offending vessels were the VA and PICA. Even though this patient had VBD, microsurgical neurovascular decompression for the right side was similar to other usual decompression procedure. A dolichoectatic artery as the offending vessel or over the offending vessel makes surgical procedures difficult to perform completely without any complications because of its character of enlargement and elongation.
The prevalence of VBD is 0.5% of all HFS patients in this study. Even though VBD is a very rare arteriopathy, there is the problem of selection and referral bias in these results. The male to female ratio in VBD is greater than in non-VBD (1 : 1.2 vs. 1 : 3). Multiple offending vessels are more frequent in VBD than in non-VBD (45.5% vs. 12.5%). In our study, a success rate of 90.9% was achieved in VBD, similar to the 93.2% success rate in non-VBD (p=0.779). If the dolichoectatic artery is released or enlarged VA or BA 17) . The use of an endoscope is another method that may prevent complications through lessening retraction of the cerebellum. To prevent postoperative complications, minimal manipulation of the dolichoectatic artery and lessening retraction of the cerebellum should be achieved.
CONCLUSION
In this study, there were no statistically significant difference in surgical outcomes of MVD between VBD and non-VBD. Therefore, we would recommend microsurgical neurovascular decompression as treatment for hemifacial spasm caused by VBD. To obtain good outcomes and to reduce postoperative complication, the dolichoectatic artery, from the proximal portion to the distal, must be made sufficiently free from its surrounding structures before neurovascular decompression without excessive retraction of the cerebellum. 
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